Despite the "growth miracle" of recent decades, labor's share, i.e., the share of total labor compensation in GDP, has decreased in China. Labor's share is an important indicator of the primary distribution of national income, and its fall has drawn significant attention from researchers and policymakers. As China's many regions have different development levels and economic structures, it is very likely that labor's share will differ across regions. Thus, it is important to examine the regional disparity of labor's share. In this paper, we develop a conceptual framework based on existing theories to identify the factors that influence labor's share. We, then, use Chinese provincial data from 1997 to 2007 to describe the regional differentials in labor's share and its evolution over the 10-year period and to explain regional disparity in labor's share. We take into consideration spatial correlations across regions and employ spatial cross-sectional and panel models in the empirical analysis. We found that industrial composition and ownership structure were the two key factors that influence labor's share. We also found that the average labor income was lower but labor's share was higher in western areas compared to eastern areas. The higher levels of labor's share in western provinces may be explained by a higher share of agricultural industries and state-owned enterprises, as agriculture and state-owned sectors tend to distribute more income to labor than to capital.
Introduction
Despite the recent growth miracle experienced in China, labor's share, i.e., the share of GDP income attributed to labor, has decreased. Labor's share is an important indicator of the primary distribution of national income. Previous research has indicated that the recent widening of income inequality in China is related to the primary distribution of national income and, specifically, a low labor share (Li et al., 2009 ). Moreover, China has recently attempted to transform its economy from an investment-and export-led system toward a consumption-driven structure. Increasing labor's share and hence raising domestic consumption levels are crucial if China wishes to successfully transform its economy.
Therefore, it is not surprising that since 2005, China's falling labor's share has drawn significant attention from both researchers and policymakers (Li S While several studies have examined the decrease in labor's share in China at a national level (Bai et al., 2009a; Li et al., 2009) , there is little research on regional disparity regarding labor's share. As China's regions display varying levels of development and economic structure, it is likely that labor's share will also vary among regions. Thus, it is important to examine the regional disparity in labor's share to develop regional-specific policies.
First, using provincial panel data from 1997 to 2007, we describe the regional differentials in labor's share and its evolution over the 10-year period. We created spatial maps for each year and our results show that despite the lower levels of labor income, labor's share was high in western provinces from 1997 to 2007. Second, we attempt to explain regional disparity in labor's share. We estimated cross-sectional spatial regression models and spatial panel models. We found that industrial structure and ownership structure are the two main factors that influence labor's share. The higher levels of labor's share in the western provinces are significantly related to a higher share of agricultural industries and state-owned enterprises.
The structure of this paper is as follows: In Section 2, we review empirical studies on labor's share in the international literature and in China. Section 3 presents a conceptual framework to explain the driving forces of labor's share, and discusses why they are relevant in the context of China. Section 4 explains the data source and describes regional disparity regarding labor's share and its evolution from 1997 to 2007. Section 4 presents spatial models and empirical results. Section 5 summarizes and discusses the results.
Related studies

Review of international studies on labor's share
The stability of labor's share has been labeled as a "stylized fact of growth" by David Ricardo (Kruger, 1999). However, researchers have surprisingly found a downward trend of labor share from the 1970s to early 2000, yet the absolute value and the change in labor share were quite different across Euro zone countries (De Serres et al., 2001 ; Moral and Genre, 2007) . In the U.S., although studies suggest that from the 1960s to 1990s, the share of labor's income in U.S. GDP had been relatively stable or even slightly increased (Poterba, 1997; Raffalovich et al., 1992) , this increase was mostly attributed to the expansion of workers' non-cash benefits, while wage share had fallen by three percentage points. This pattern was also a result of the two offsetting effects: on the one hand, the share of labor income in the manufacturing sector had decreased sharply; on the other hand, labor share in the service industry had increased (Young, 2006) .
With regard to the factors that influence labor's share, technology progress, and labor bargaining power have been found to be important explanatory variables of labor's share (Gollin, 2002; Krueger, 1999) . Other factors proposed by researchers to explain labor share include globalization and international trade (Harrison, 2002 ).
Review of studies on China's labor share
Empirical studies in China concerning labor's share are relatively new. Cai (2005 Cai ( , 2006 was amongst the first to notice the falling trend in China's labor share. Most of the existing studies believed that the declining labor share in China was driven by economic forces, whereas Bai and Qian (2010) argued that measurement issues were behind a significant proportion of the decline in China's labor share, and that the reported fall in labor share was largely overstated. In contrast to most of the studies that have been focused on the falling of the labor share, Li et al. (2009) proposed a U-shaped pattern regarding the movement of labor's share in China. The explanation they gave for the U-shaped pattern is related to the shift in the sectoral composition. They built a theoretical model to show that as labor moves from agriculture to non-agriculture, labor's share will first decline than increase.
Although there are several studies, as mentioned above, that have analyzed China's labor share, most of these studies have used data at either country or firm-level. 1 Compared to the country level studies, the provincial or firm level studies could utilize more variation to examine the causes of the falling labor share. To date, the few provincial-level studies have not considered the spatial correlation in economic variables between provinces, nor have they specifically addressed the regional disparity in labor's share in China. Since spatial externality is very likely to exist in the provincial data, it is necessary to use spatial econometric models in the estimation. Our study attempts to contribute to the existing literature by first demonstrating the regional differences in labor's share and, second, by using spatial econometric models to explain regional disparity. Our study provides a robustness check to the prior studies that use OLS models to analyze provinces' labor share. We also consider the explanatory variables that have not been examined by previous provincial-level studies, such as international trade, patents, and human capital.
Conceptual framework
In this subsection, we provide a conceptual framework for understanding the factors that influence labor's share. To guide the empirical analysis, we focus on the factors that are included in our later empirical model, specifically, industrial composition, state ownership, technology progress, international trade, and human capital. Rather than proposing new theories, we apply the existing theories to develop the conceptual framework.
In the neoclassical economic theory, the constant factor share is a stylized fact. Under perfect competition, the total wage bill will adjust at the same rate as the productivity of labor, and the labor's share in the total output will be constant. However, different industries and countries could have different production elasticities and hence different labor shares. Solow (1958) demonstrated a significant variation in labor's share across industries and the change in the labor share within an industry, while Douglas (1976) showed a variation in labor's share across countries. 2 The fact that a country's aggregate labor share is relative stable could be due to the counter-shift in the weight of the sector when the sectoral labor share shifts, e.g. the low-share industry gaining in weight when the sectoral labor share rises (Solow, 1958) . The later studies showed that a shift towards industries with a lower labor share has been the most important underlying force driving the downward trend in the labor share in Europe (de Serres et Globalization is believed to be an influential factor of labor share movement in developing countries. Openness to trade is often associated with a fall in the protection of domestic labor-intensive goods (e.g., agricultural products), and is thus expected to lower labor's share (Harrison, 2002) . Using cross-country data, Harrison (2002) found that the trade share had indeed a significantly negative effect on labor's share.
Finally, human capital may be an explanatory factor of labor's share. According to the existing studies, human capital has two opposing effects on labor's share. On the one hand, a higher labor share may be found for regions with a more educated workforce, as in these regions a higher share of labor compensation would go to high-skilled workers, and the wages of high-skilled workers are generally higher. On the other hand, a higher share of high-skilled workers is often associated with greater capital intensity and advanced technology, and thus a lower labor share. Evidence from Poland appears to support the second hypothesis (Growiec, 2009 ).
In China, technology progress, international trade, and human capital, are all relevant factors in explaining regional disparity in labor's share. Regardless of the indicator used, patents, R&D investment, or productivity efficiency, provinces all displayed a significant variation in technology progress. Moreover, despite the overall trade surplus, some provinces had large net imports while others had net exports. 3 The human capital level also varied significantly across provinces. For example, in Beijing, college-educated workers accounted for 34% of the labor force in 2007, while they accounted for only 3%
in Anhui. 4 All these three factors could explain a portion of the variation in the labor's share across provinces, and thus should be included in the empirical analysis, in addition to industrial composition and state ownership. A spatial coordinate matrix for spatial regression models is generated using X-Y coordinates obtained from the fundamental geographic information system in the National Geomatics Center of China (NGCC). The fundamental geographic information system was built by NGCC to provide basic geographic information including geographic coordinates, provincial boundaries, administrative areas, rivers, and roads.
Data
Regional disparity in labor share
We follow previous studies and calculate labor's share as the share of the total labor compensation in national income. The total labor compensation, sourced from National Statistical Yearbooks, is defined as "all the compensation paid to labor for their productive activities." In this definition, labor's compensation contains all forms of wages, bonuses, and allowances. For self-employed workers, due to difficulty in distinguishing labor compensation and operation profit, both are classified as labor compensation. 7 Gollin (2002) stated that an incorrect measurement of self-employed income represented the majority of bias in the calculation of labor share. By including the operation profit of self-employed workers, we tend to overestimate labor share in China. Even with a positive bias, the estimated labor share is still relatively low compared to such countries as the US and Japan.
We calculate the average labor compensation for each province by dividing the total labor compensation by total employment. Total employment is defined by the National Bureau of Statistics of China as "the population above 16 years of age who are engaged in work and earn labor income and operating income." It includes both urban and rural workers. In Table 1 we show the average labor compensation and labor's share for 31
provinces and municipal cities for selected years. Shanghai, the most developed city in China, had the highest average labor compensation (28.6 thousand Yuan per year per worker), but the lowest labor share for 1997-2007. In contrast, labor's shares for Guangxi and Tibet were greater than 0.6, indicating that over 60% of provincial GDP was distributed to labor, rather than to capital and government. In these two provinces, the average labor compensation was relatively low.
To show the movement of labor share in different regions, we select five provinces and municipal cities from five major regions in China, Beijing (representing northern China), However, the magnitude and timeline of the decrease is different for different provinces.
Beijing shows that labor's share was in decline prior to 2003 and then increased after that date. 
Spatial regression results
Estimation of cross-sectional models
In geographical data, neighboring areas often share more common characteristics than those that are far apart due to the interaction and spillover effects between regions.
Traditional OLS regressions assume that observations are independent and uncorrelated.
Spatial dependence clearly violates these assumptions, thus rendering conventional OLS analysis invalid. Therefore, a spatial econometric method is required in regional studies (Anselin, 1988 It is calculated as follows: ls : labor share, which is the ratio of the total labor compensation to GDP in a province.
Since the ratio lies in the interval [0, 1], we apply the logistical transformation to it. X refers to the factors that influence labor share.
Xs include the following variables: (1) Industry represents the economic structure of a province, which is measured by the share of the outputs of the agricultural, industrial, and service sectors in GDP; (2) ln patent is used to measure a province's technology progress. It is calculated as the logarithm of the number of invention patent applications per 10,000 population in a province. We have also used the total R&D investment of a province to indicate investment in technology; (3) Ownership indicates the ownership structure of a provincial economy, which is measured by "State" and "non-state", representing, the percentages of employees working in state-owned and collectively-owned firms, and those in the non-state-owned, respectively. The non-state-owned enterprises include private, foreign, and joint-stockholding enterprises. (4) International trade denotes a province's share of net exports in GDP. (5) HC refers to human capital variables. Specifically, we use three measures for human capital, "Tertiary", "Secondary", and "Primary", which denote the percentage of workers with tertiary, secondary, and primary educational attainment; (6) ln FCI is the logarithm of fixed-capital investment in a province in a year, and (7) W is the nn × spatial weight matrix. The parameter for the spatial error term and the spatially lagged dependent variable is represented by λ and ρ . To ensure the robustness of the results, we use several spatial weight matrices including a contiguity matrix, K-nearest neighbor (KNN) matrix, and spatial coordinate matrix. 8 Estimations using different matrices provide robust results; the result using the KNN matrix is reported. (4) to (6) .
Columns (7) to (12) report SEM and SLM estimates, respectively, with control variables.
Several important findings emerge from Table 3 Comparing spatial estimates to OLS estimates, we find that they are generally similar.
However, spatial estimates are more statistically significant for some years. For example, service is insignificant in the OLS model in Column (6) for 2003, but is significant at the 5% level in the corresponding SEM model in Column (9). In general, the log likelihood of OLS models is smaller than the log likelihood of the corresponding spatial models. We spatial models significantly outperform OLS models, and that SLM models are more significant than SEM models. 9 The comparison of different models
suggests that spatial models perform better than OLS in terms of the log likelihood and the differences are statistically significant for several years based on the LR test. Between the two spatial models, SLM seems to be better, as the LR test for SLM is significant in more number of years than SEM.
Besides the ownership structure, the FDI inflow could also demonstrate significant regional disparity. As shown in Appendix Table B, Since GDP is the denominator of both the dependent variable, labor's share, and several key explanatory variables that are measured as the ratios to GDP, such as agriculture, industrial, service, and international trade, we adopt the method used in Barro (1991) to correct for this potential simultaneous bias. We include GDP per capita in 1988 in the spatial regressions to control for the effect of the initial income level.
Appendix Table C Table 5 . For each year, the first column uses the spatial lag of all the explanatory variables as IVs, and the second column uses the IVs defined by the 3-group method. Table 5 shows that the sign of coefficient estimates of spatial 2SLS models are, in general, consistent with OLS, SEM, and SLM estimates. However, spatial 2SLS estimates are smaller and statistically less significant.
Estimation with panel data models
Panel data are viewed as being more informative than cross-sectional or time-series data. With more variation and less collinearity among variables, panel data models often provide more efficient estimates (Hsiao, 1986 supporting evidence to the theory that capital-augmenting technology progress is associated with a lower labor share. LnFCI has a negative effect on labor's share. Finally, the estimate for the spatial autocorrelation coefficient is also reported in Table 6 . It is significant for all the specifications, which justifies the use of the spatial fixed-effect models.
We further introduced the lagged dependent variable into the spatial fixed effect model.
Appendix Table D demonstrates that the one-year lagged labor share has a significantly positive coefficient estimate, suggesting a high degree of persistence in a province's labor share. The estimates for other explanatory variables are similar to those in Table 6 , except that the estimate for patent and R&D is less significant and that the effect of tertiary becomes positive for all the models.
In the fixed effect models, the simultaneous bias stemming from the fact that GDP is the common denominator of both labor's share and several key explanatory variables is less severe, because the provincial fixed effect captures all the unobserved province-specific and time-invariant factors that affect the province's labor share. The effect of the level of GDP would be incorporated in the provincial fixed effect and would be dropped out in the fixed effect estimation.
Conclusions
This paper addressed the important issues of the pattern and determinants of regional disparity in labor's share in China. Although there have been many studies on regional income disparity in China, few have considered regional disparity regarding the primary distribution of income between labor and capital. With respect to labor's share in China, further regional level studies are still required. Our study used detailed provincial data and spatial econometric methods to estimate the effect of industrial composition, ownership structure, and other provincial economic factors on labor's share.
Empirical analysis identified several important findings. First, despite the lower average labor compensation, labor's share in western and central areas was high. In contrast, coastal areas with higher GDP and average labor incomes had lower labor shares.
As labor's share is an important proxy for the primary distribution of national income, this finding implied that the distribution of aggregate output in underdeveloped areas is weighted more toward labor than capital.
Second, we examined the factors that explain the regional disparity and movement of labor's share, and found that the industrial composition and ownership structure of a province are the two most important factors. The higher labor share in western provinces is strongly related to the greater share of agricultural industry and the state sector.
Moreover, a lower trade share and less-advanced technology may also contribute to the higher labor share in the western provinces. We also drew the important conclusion that an increase in an economy's share of the service sector will have a positive effect on labor's share.
Our finding of a higher labor's share in the less developed provinces in China stands in contrast to the stylized fact in the international literature that poor countries usually have a lower labor share than rich countries. A plausible explanation is still related to industrial composition. The developed countries usually have a large share of the service sector, while the service sector, as suggested by our results, leads to a higher labor's share. In contrast, the more developed area in China typically has a large concentration of the industrial sector while the less developed provinces are mostly agricultural. Our results indicate that the agricultural sector tends to distribute more to labor than the industrial sector. With a large share of agriculture in the local economy, the less developed provinces tend to have a higher labor share than the more developed provinces in China.
Based on these empirical results, we predict that as industrialization and trade openness increase and technology advances in less-developed western regions, these regions may first experience the same downward trend in labor's share that eastern and northern regions have experienced. To avoid a falling labor's share, while maintaining rapid economic growth, western regions may, rather than following the traditional path of development from agriculture to manufacturing and then to service, take measures to boost the service sector, especially regarding high-waged professional services, as the service sector has a positive effect on labor's share. (2) (3) and (4) Note:
(1) Coefficient estimates are reported. *, **, and ***, indicate the 10, 5, and 1 percent significance level, respectively. Due to limited space, standard error estimates are not reported, but available from the authors upon request. educational attainment not reported for 2000. In Column (6), the 1997 data is not used because R&D is not reported for 1997.
